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© Nucleic acid target generation. 

© The invention is a method for generating nucleic 

acid sequences ends which compfii^s: ! : 

(a) hybridizing a j^rner to a nucleic acid se- 
quence, ^1.:^%.^ .[ • 

<b) hybridizing a; primer to the nucleic acid se- 
quence in (a) located 5; t6 the primer in (a), and 
(c> polymerizing both primers so thai the primer 



in (a) is displaced from the nucleic acid se- 
■•' * quence. -r~— 
The invention provides a method for generating 
target nutfelc add sequences tor subse^u^nt v ar^ 
plificatlon. The -method is applicable to both DNA 
and RNA, 
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Field of tKe invention 



• This invention relates to a method for preparing a target nucleic acid priorJo amplification. 
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nucleotide can bo; "r^as^ code Ifor one ami™ ^ f^, rt hL ^ 
first be convened 
each thrsNa base 
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•uni JSS^^^^ ^ pi6S ' Bnked to 9 ether in an organism^ form hlg^s^rf 

umts referr*^^ In some lower organisms, genes may^lSxK 

^fash,on. Certa^nonrcod-ng regions <i.e., Introns: sequences of bases that do not translate int^aWri> 

^ermine? Ite ^^^.it^.w^.^ to wferred to as w e (he nce. ONA Isolated fSSn 
organism is referred, to as genomic DNA). *" 
^>*:W^$^ of a duplex wherein two strands of D^wSirld 

^e^,^;^ ^i, ia ^.e.^lix. jh this model, hydrogen bonds are formed between A aridf T ; and 
^^^'^^^ ^"^s. Thus, oh one strand, the sequence ATCd^3') wiii^^i# : 
Z^^^ 1 ^^^ O'-S'). Both strands. Sever, contain ie JL&S&- 
S™, ?^ ^ manner - ".aw read, therefore, either strand of DNAin SdeTto 

determine the geneftcse^uenc© coded for. v~ ~ 

i^^!.^^* -^? 6 ^ °' ^° or 8 a "f»«on. structure and function of nucleic. acids, see Watson 
fttolecular ftology of the Gene. WJ. Beriiamln inr <*a ^ iott, ^ r ^ h || y rh - ff - ^ 

_ Unoerstanding arKl determine of nuclelc ^ present - a sarn p, e is , jniportant 

^SPPf-- ^^° f di ^ «re genetic in the sense that the nucleotide sequehc^ 
aS W 3 <*ange could arise by the substitution ofohe base for 

n^i^^Sf *V* * ?in9te 4mino a change in one base (referred to^ point 

S^fi^^ h»*e:«min6acid which, in turn, could result in ^defective prot^nbeMg 
■'22 - • ^ ^•:S*E'? example of such a genetic defect caused by a chande in a : 

St&- £* gene^erexamples of diseases caused by single gene defects Includi^aS^ 
'^^f^^ - ami,iaSd defidency ' ^ne nucleotide pnosphorylase'delSS 
S5S? v S^f^ n ^^ , l wcy ' ^' nlnsi, «lnate synthetase deficiency; bSa^LSsemial^P 
^trypsin deficiency. , glucocerebrosidase . deficiency, phenylalanine hydro^lase «5ii ■ 

^^.guan^ 

ESK? ^ b ^ e acti ^n. '"crease in copy number andfcr removal of suppress^Ms 

S and C ^. ca f e 5 ^ ,ude N-myc for neuroblastomas, retinoblastomas, and sm^l-llrj 
cancers and c-ab for chronic: myelogenous leukemia. For a further description of me relevant 
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^xhrofno^orrijd-l) ahd-tho'indiyidijal -mayVnotprc^UM'jKv- ; : v; 

In the instance of increased or decreased chronioi^^ to.as aneuplddy), instead of a 

"nonnar Individual having i the correct number of c^ieyiof Jeach two of each in hurrians 

-[other than the X and Y chromosomes]Va d^ humans, for example, Down's 

syndrome is the result of having three cppleS;bj^ of the normal two copies. Other 

aneuplold conditions result from trisomies invplvlng'cfim 

Third , infectious , diseases can be car 1 :L1 - - ^^-^ ^« - 

■ ,the)r own.; nucleic, acids. The: presence 
; determined by a number of tradition^ me 

t0 a genus or to a highe^ provide a >fingerprint|lbr 

' Pg;^'^ -etc.); Examjpleis oftvlnu^^ ^pllcable' include- HlY.^V; 

£BV;HSV. Hepatitis B andC and CMV. Ex^pi^^ Is appii^bie; 

v ir> ^ !ude bac^ria and more particularly in^tudo ' . H. ; li^nti^rv^dl ^;:myo^lasma f legionella. mycobacteria, 
'chlamydia, Candida, gonocci, shigella and salmonella; ^ , :r , . : 

M each example set for* above, by identifying one or more sequences that are specific for a disease 
yV-:<^ if that sequence is present .Ac 

, V^k<™^ been develop^. in an i^mpt to ^ 

y-" ? i • !*' te^n'ticaf that or* orri^ s^^ organism be identified, it is not 

*° important to the practice of ithis invention i what they are identified. The 

•. -^P^S^^ward means to detect the presence of a target sequence in a sample of nucleic adds is to 
synthesize V : a probe sequence <^ acid (Instrumentation, such as the 

Applied' BloSystems 3808. are presently used to synthesize nucleic acid sequences for this purpose). The 
synthesized probe sequence; then can be applied to a sample containing nucleic acids and, if the target 
25 sequence : is ^reserft the prpto , will bind to it:to form a reaction product. In the absence of a target 
sequence wd barring - specific binding, no reaction product will be formed. If the synthesized probe is 
Ugged, with: a detec#te ^ reaction product can be detected by measuring the amount of label 

: : A^ifflcul^ those instances Where the 

30 number of copies of the target sequence present in a sample Is iow^ less than 1(F ). In such instances, 
it is difficult to: distinguish signal from nbise (Le,, true; binding; between probe and target sequences from 
npn^ problem is to 

increase the i signal; Ac^ number of methods have been , described to amplify the target 

. ..... sequences present In a sample. — 

35 One of the' best Imown ^plifi^ reaction (referred to as PCR) 

r ^ lcn is d^.bed in detail in U.S. Pat No.s 4,683,1 ^5, 4,88332 arid 4.800,159. Briefly, in PCR, two 
prirner >equep^^ complementary to regions on opposite complementary strands of 

the target sequence. An excess of deb^ucleosidetrlphosphates are 'added to a reaction mixture along with 
a DNA polyrTi^ase: (e g:, Tag polymerase). If the target' sequence d present in a sample, the primers will 
4o bind tb;the target- an?lie polyrnerase will cauSe the Rimers to be extended along the target sequence by 
adding pn nucleotides. By raising and lowering the temperature of the reaction mixture, the extended 
primers ^iir^ from the target to form reason products, excess primers will bind to the targ^and 

~ :■ ^oih^mo^ for amplification is desoibed In EPA No. 320,308. published June 14, 1989. which is 
-*s the ligase chan ruction (referred to as LCR). In ICR, two complementary probe pairs are prepared, and in 
the presence ;pf the target sequence, each pair Will bind to opposite; complementary strands of the target 
such that they abut: In the presence of a ligase, the two probe pairs will link to form a single unit By 
temperature cycling, as in PGR, bound; ((gated units dissociate from :,tne; target and then serve as "target 
sequences" for ligation of excess probe pairs. U.S. Pat. No. 4;883,750 describes a method similar to LOR 
50 for binding probe pairs to a target sequence but does not describe an amplificatioh step. 

A still . further ' amplification method, is described in POT Appl, No. PCT/US87/00880, published October 
22. 1 387, and is referred to as the Qbeta fteplicase method. In this, method, a replicative sequence of RNA 
which has a regron complementary to . that of a target is added lo .a sample In the presence of art RNA 

polymerase. The polymerase will copy the replicative sequence whicrrcan then be detected. 

se Still btheriamplification methods are described in QB Appl. No. 2.202 328, published September 2l. 
- in PCT ^ No. PCT/US89/Oi02S ( published October 5 t 1989. In the former application. 

Jj}^^"^^^ in a *? R ^ template and enzyme dependent synthesis. The primers may 
be modified by labelling with a capture moiety (ejj., biotin) and/or a detector moiety (e.g.. enzyme). In the 
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latter ^p^ncaitfon , an ^>ccass - of labelled probes , are added io a sample; In the :presence ;bf the target 

^u^i^^ and. is cleaved catalytlcally. After cleavage; the t2rget sequence is , released 

irrtact -JpV^ probe; Cleavage .of the labelled probe sigriate the presen&^of ithe target 

^uence/Af^ :finaU^ patent application serial number 07/^^57 ; filed /January 3t G91 dl^btsos and 

cla^ nucleic acid (referred ; to as strand - di^IaMment J^plifi^tibn) which 
c^mpr^ 

iS>^i^^^ August 1fl92 corresponds wft^ the' USSN 07&4S257 • «" \k ■ ^Sfe 
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\> > sequences ^ic^^rnpdses; ^ *4 ^lt^^^" ■ 

r : (b) hyb^ acid sequence in (^ located 5' to; the primer in- (a^ ^ 

. . . ■ { (c)^lynrve^ so that the primer in (a) lacfisplaced fromfthe; (iucl^c a^tf ^uef^e; 

-v.; ,|Wh&^ a .method for generating target -rufcfeic ■ 

^V^^ The ri^<^^ 

• » v a heat step. after (cK- ; at^; ; 'ii^ • . 

,; VV>wn^ comprise double sti^ded ntei^ 

'•" denaturing the nudeic acid fragments to form single stranded target sequences only dn^; ; the 
: j nucleic; acidf iwn^i$e'RNA, ft is preferable to use reveree tr^scrlptase to convert RNA to DNAu 

Sufcequent ^rand displacement amplification (SDA) Is enhanced because a larger number of modified 
25 nicking sites are generated from each original target strand. The previously described SDA.methqd involved 
target and produced only two double -^nded fr^^ 

modrfied nicWng slte^ qne end. The restriction step wasjr^^ssai'y. to 

defined £^ of the SDiA primes to the Spends; of '^ese; target 

fragments and subsequent extension by ah exdnudease deficient tfc^&'-M 
90 nicking enzyme recognition sites from which SDA Initiated. The <^rront; tar generation n^tfedj produces 
four double - strand -fragments with a total of six modified nixing sites (see ; Figure 1 ) • In addition, target 
sequences ^ ncrvyr be. chosen without regard fqr convenient flanking resection sites. finallyiSDAcan now 
be applied to , elthier. c^uble or single -stranded target DIN A target samples. Previously, targets had to be 
. c^bl^-stran^ for cleavage by the restriction erayme(s). M ^ to 
as preferential de«ayage of one of two strands present in a double-* stranded recognition site. 
. : . to methods tor the separation and/or detection of amplified products 

flf^^d by the^^^^ Methods for separation of amplified products comprise magnetic; separation, 
membrane capture^ and capture on solid supports. In each method, a capture moiety may be bound to a 
. magnetic ,:b^4 membrar^ or ?o!id ( iupport; Ttie beads, membrane or sdlid support then can be assayed 
46 for the pre^noe or absence of amplified pirbducis. An example of a capture moiety includes a nucleic 
sequent complement^ products produced and an ar^bc^ 

incorporated into .-the. -primer or amplified product The separation system may or . may not be J bbujiled to a 
detection system. / ^ ' v i f ., V 

. rThe. ir^entipfe^^ to methods of generating: ampOfied products which can fuhcSpn probes 

45 or templates for Sequence analysis^ jn this format, the above described nriethod and steps aire used to 
generate amplified products. The amplified products can then be treated to remove the nicking Enzyme 
re^nition sequence from the amplified product, for example by usinig a resWction erttyrrie. in^is'rhahrier,; 
Vthe riscognition sequence is removed and the rerhainlng amplMed product comprises a prdbe which can be - 
used in other systems; ■" 



so 



Brief Pespriptioh of thb Figures 



1 T^^t generatfon s^e'me for strand displacement amplification. This figure depicts tha initial 
steps/whlch trar^orm/the original target sequence into *steady-stat4°. amplication as depicted in: figure 
66 2. A target ONA sample Is heat denatured; Four primers (Bi, 82, Si and. $2 )i present in excess, bind the 
target strands at. p^ sequence to.be amplified. Primers $ ( and S 2 have Hincll recognition 

sequences at ^ir 5' «©n^ simultjaneously extended, by exo~klenow using dGTP, 

dCTP. ttp and. dATjP(a$j. Extension of B a " displaces the extension ^ product from, primer §1 (Si -ext)! 
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;1113ill^ 

H '^^^^^^^^^Ste«l by raised porttehs on the lines, ; - ' ":. '^Kfff 'f"^; 



.. . , -overhangs 

-.the;^ldion,r ; •^■^■-- ! -- : ^- 

v 't^^^ : 'fMi^S^^^^^& ' ' and '4^T^S) r ..wnicn .produces : :h^1pHBS^roihl^e^ 

£a V-Miw «iJf«Wgr^o ^ '"tact the modified complementary strands. 'Ei<hidd^^u^s- f: ^ 
— ^SliS^'X^f ^ l8CeS ^ d ^am strand tratj fur*^^ 

'^^feMfe i n displacement ^.i,«^i'2m,^ 



20 



30 



recognition mm^mimm^^. 
'"Sw^c ■ ; ^^^^^^^«W:as- target for & while strands displaced f^Sfi^Ei^ 

toSr^ U^ pf ^o SrM pnmer, (as;eppos«>d to one SDA primer) produce^ ^^^^1^ ^ 
Oet^ted bescrtpton v 

(S&d an excess ot4 prtrners ffj^&jyji primer, 

are ^a^^po^ P^^nd 
amprrfication. the other two Drimers m. ^ n » ? * (Si and,^) is necessary; for linear 

upstream primer, M'^b^S^^^Tt^f, 1 ^ ^on,:, (Only one 

positions flanking the Sin? 5 J nd to .°P^ ^ands of the target at 
B<o-klenow simutaneou S ?y e^hS ^ SI 8 " d / 2 Wnd "PW** Si and ^.respectively. 

and B). AJ. four primers are ls *»* ** * 

displacement steps produce -2 double ->tanrfJ^- :a i_e)<t ' Comb,nod extension and 
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located at each end arid modified recognition sites at only bri^' 

end: Although the :^<*^ actually occurs simdtari^gsly^^ 
Amplication can npw pro 

and.<Jescrlbed. al$p lr* U^. paentappfl^ herein byrtferehde * • • 

: The Invention ^eilrnfnates Jhe; conyenj^ Thus workflow and! ; 

costs ;are reduced in ^itkm to aim^ by the elimination of the he^ to 

as-flanked bv demonstrates 'tocr^©^: 
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iTI? ^^^^ n and/or con^n RNA jSpiymera*© promoter sites. If ampiineatioo 

In addition the method can be practiced by essentially repeating Figure 1 over and over. Heat is 
9?^y.MM#m.te>#*pe the double stranded, fragments. Such a method would eliminate the need for 

. an amplification; method. . v . . ; '.^■■■"■■v:-/. .-. : ' 

^^^'^wr^on: apcc^lr^ to JthVec^irie in figure I. the target nucleic acid sequence can 
now beampl,fie.d.by SDAuslnS Hindi as theia^plificatibn nlc«hg enzyme; the four target fragments at the 
end of Figure 1 ; autome«celly ent^r a : -$te«|dy . Estate" series of amplification cycles where Hindi! nicks the 
hefropho^phoremioate recognition site, arid exo^lenow extends the 3< - end at the nick while displacing the 
. downsrtam^trand that serves as ^get for mefepposlte SDA primer (Figure 2). These steps continuously 
oyer tfie ^ der ives from -23 

repetitions or cycles of tf,e steps in figure,? (^. »:i(f); : Each displaced strand In figure Z contains the 

;PAQ * *tC" e J ^. (,,1 i^ implement. s 'GTC at the 3'-end.' s 'GAc is the portion of the Hindi 
recognition sequence located 3! to the nick sfter- 

M ^f.^f?*2*^ detailed account for the last 

douWejs^^ 

teft end pf me. fragment containing the S, primer sequence, exo-Henow initiates replication at the nick and 
-gwteM >g?W^W^K«^n^O^-rP^J«» -«^.-.iifeidrji- ftall-cbfqplemarit:- of the primer 4 at the 
3 -end. $i b^nds ^s displaced strard. and exo-ktenow extends & forming the double - stranded fragment y 
d «Pf e 5»> e P«><J«^ the ^ep fabel lecl ^polymerize using dGtP, dCTP; TTP and dATP (osi" on the. 
. right sicte of F igU re. 2. ^milar .reactions ^r,whh tr^entir^eef * fragments dedcted at the! bbttom : 0 f ^ 

inn?l!^ rt -^-'^ ^ h *"* ^ "sediin.thls method generally has a length of 20 - 

SSJF '-ra* 9 'W Cpnt ^ n ? ^ oe ^^the * end) at will be..recognized% an 
endonudeases, if subsequent SDA occurs, and polymerases; /DNA or RNA). Q beta replicSs, enzymes : 
: tf*^nize^^ 

noSSS ^■■^*«W* n . ^^nces-). The recognition sequences generally. afthSnot 

necessanly, are non- palindromic when using SDA. Although two primers are preferred only one te 
nec^^. a > many as ^ choos^ be. amp,oye^6re amp,*,*,* ^ a^erSc^wlS 

hnwS S S n e d ^ T ^ ^ ^ of R 9^ 1) Is designed jr. the manner as ji.st described 
SLS?'^ .l^ r to-;cont^> : ^» 9 r^- sequence, although It maT aS 

MnroSe^^ 

'r.^* ,Vv°: • • Prewawy. the second set of primers are about 2S to about 40 
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^6^^,^ ^^r^te"f^ ^ d^oxynucreotltes rnay b, accompli^ after 
* Orouffte-W-^^ ■'' ^ 136 used to add methyl 

« amplified sy^^S au "L S^'l' ^ "icMng er*yme could be used in an 

exampte. the 

*ite S -^Sl^crStaffl^ strand in. hcncanonical recognition 

tract (Thielking et al. ( 19 90, 

. <^a^^ ^^^BR^ MA, 

beablewnlcJcthometh 

employ SDAlprimera {Si an d ShS£2d SS*^ rocoflnmon site. Such.a systom would 
ynudeosicteiripiioaphatk A^na^c2S^ W along; with unmodified deox- 

'trand ^ «* -methylated - 

deo*ynucleo3ld^^ would use a mothyiated 

recognition sequence. * ^ ' 9m ^wpbabon proteins to nick one strand of a 

method: ^ ^ ^ -cognitipn seances and modified dNTP for use with the 
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RECOGNITION SITE 
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GCATGT 
GCATGT 
CCAGGTTTTGG • 
•"•'.Seq ID No: 18 
GGTGAGGATCGTTT 
ID No: 19 



dcii? («s> 

dCTP («S) i fijjcdGTP («S) 
dCTP ' 



dATP («S) 



^^ACC•^| : ^''':.■^■■'^'■ 

••Acer >■::•: ^ 

■■•Acci^-:Hrt; 

Acer 

, Acc.I'.'.\; /• 



; Seq ID So : 20 



dGATGGCATGTCTTTTGGG dCTP (*s| 
ID No: 21 



GTAGAC 
GTAGfXC 
GTAGAC 
GTCTAC 
-GTCTAC. 
GTCTAC 



TTF («S)6;dCTP (*S> 
dATP («S)? • 

dATP (*S) dGTP («S) 



TTP («S) 

TTP («S) - & dGTP («S> : 
dbTP <4sJ ; ' XX 'XX- 



TthlTlI : GACCACGTC 

..•//TthllirA ^ GACCACGTC 
Tth$l ; lJ V GACGTGGTC 

• tTThMgLl; v. : r : -. ' GACGTGGTC • "'X 

■■■X'^i i% v-.v,.' .' v?::.- • ■ • 

?- ; 'Vv^-;*v . . : " v; • -Y • ■ ■ . . ... . ... 

' -'-2 : • p g^^P?^^ ' pcsivrmWtaso should alsVdspiace: the' pol&enied strand dowi-" 

, . . ; ?s , th6 Wen ^ i,r ??' nent : of ' D NA polymery I and the exonudease efficient MeW: fragment bf /DNA. ' 

Sf^ l^?? VENA ^^-° ^ ao ^<*»>, T5 DNA polymerase "and Phi29 ONA poly t 
mefase$..aso^ork. tt should be. appreciated that a polymerase ordlrarily having st»>n exonucieue acfivi^ 
can be de^^-lai*" SU ch activity if activity .* blocked by*e .ddWon Ji : b.&rS? 
ss m J!!^l^^ : ^^^ S raquirotemperature <*&$Titeiy arioWtatfft " 

SEf-.^BS; S? W 0rd?r to d,6s0clate W fro'" the syntheslied strand. In. this 

iM^^^ ? aV ^ ^ pl0yed after has occurred: THei temperature of the 

enough to allow, epecfic hybridization to the target strand. In addition proper, temperature shouW support 
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effcient ef^me; activity; From -about Src to about 42»C has been found to be a preferred feniberatore - 
rangevDenaturation ,of the enzymes ahdnucleic acid Is to be avoided. w^^ture : 

««n t!S^V^.^^ ^ r0CT? * °^ ; ' nven tior. from target generation through ai^queht am : pli(Ica> 

e^fl^^^^ ° NA San * te heat den ^ h ^ present^ 

excess of 4 pnmers sw.F^ ij/Two primer* (S, and S,) are typical SDA primers with itar^binaina 

f^S^w^^ regions (which can have resulctio^ We^S ; V 



SSSSffl^ ^^ d " and £oS& Set^edSg^lSa 

^^^M:M^ Initiates replication at the nick whltdfenflS 

^^:f^Mmm^ .^«;%^;Oppo S ite SDA primer (see Rgure 2). This ^li^Sn 
cycle i$ contlnuousl^repeated to provide excess copies of target (as previously mentioned SOaSSv 
one amphficafion method of many that can be used). •"enuoneq. &u* ; .is only 

Is J*!*^?!!? 3 ' Cf f °^P te Of synthesizing probes or templates for sequence analysis usmgSDA 
Is set for^^ example, the strand Jabened P represents the primer and contains at W y- end me 
sequence CCGGG ; which ;is recognized by the endonuclease Neil The strand «JLd T^t 
SS^^^ ^">^ied and rendered single stranded. In the ^ £££ 

SSfS"^ - Pri r iS ******* the *«• me target is eSed 

79^*^ Presence of the endonuclease Nell, the primer strand i S : nicked 
^$£$1$. P^"9« <rf the polyrtierase lacking 5' to.3* exonudease activityithe 3' 
■ ^ Primer strand is ^splacedirom the toget'sfrand 

■^^$Mj^%^.^J^--pt?^ aruj a new strand Is synthesized. In summaryShioh, the 
nwlysyr^e^ also be nicked by the endonuclease and the |»lymerase wlirLn dS • 

tacSt^ 

/^ alternative to generating! probes , or templates for sequence analysis, as referred to in Ro 3 is 
performwe of expor^rrtal^DA^using two primers (S, and S 4 ) wherein one primer Is In exwssWrihe 
other. The result. ; is:;ex^s production of one displaced single strand over the other. 
^JSf^Zf?' 4, an <>xaf " p,e of 6DA .'V**"> ^ a double stranded target fragment generated by 
2? S/??^ ^ '"Y^ ^arget generation). There are two primers (P, and P 2 ) 

T^i^^^^^ ^ se ^ u * nces fi and T,). the reaction then proceeds as 
■?SK'^fS'^?^- ; H n ^^ver (: that P, will bind to the reaction product proSSSdS 
Jjgg^ reaction product produced from T,. In this manner 

H-tJJS^ °f tig: ampiified; target can be detected by any number of methods. One ! me*of # to 
usS^S P . rC 3" ? S f ?if ' 9 size : b * o' Be' electrophoresis.' This method is pa^ularly 

Z SS&r^^^ " e a ™*>rl** *«*> as «P. Other mem«ls feiuS1he 

''S-ftlSS&J?^ ^ ^ s Mch asblotin. B|pOn-.contajning reaction^* 

_ flection systems useful in;the practice of this invention comprise homogeneous systems whfeh do 
Sl^ ^ 09 ^-'^ Incite fluorescence polarization, en'yme mediated imrSS 

flSs^StS */ ^ ■ ^-^ ec ^e)^"ore*cent labels (such as enzymatic tatete^TSS 
so^^irl chemiluminescence and. bioluminescencTu%- 

Se^ec^^v^ f^ 188 ^es and other detectable markers and use?in 

such detecfton systems. In these systems, the detectable markers can be conjugated directly or InoWtly 



lllflly 



9 




to a capture irrtoiety or the amplified product can be ge^n^^ jn thd presence of a receptor which can be 
recognized by a ligahd for tte receptor. 

Qne meth^ is to detect reacfion. producfe having a specific, size via electrophoresis. Another method Is 
to radlplal^i the prfmer soquer^; wfth ^P f for example, ai^. theri to detect the radioactivity emitted' by the 
reaction proucts alone or irr^^ method is to chemically modjfythe 

primer by adding a receptor having a ligand (e& bi^ enzyme (e.g., alkaline phosphatase); 

a fluorescent dye (e r g;,phyc»biliprote^^ develop a detection 

primer^ 




40 



TARGET GENERATION 



•^• : :^^^^ l ? r ?? y$ re P^P^M -; : wllh- vacyihg : : ambuniS'- off- ■ tei^^ganomic- ; DN A" fcom Mywbaaerium 
: tuberculosis (M. tb>. the target secjuence W^ls nucleotides 977-1023 of the IS61 10 insertion element of M. 
*s tb (Nucleic Aads Research 18, 188 (1 SSO)), ' ' ■ — 

50 mM TRIS - HCI f pH 7.4 

50 mM KCI " 1 

50 mM NaCI 

6 mM MgCb , ' 
w 1 mM dGTP, dCTP, TTP, dATP(aS) 
100/jig/mLBSA ' / ' ^ ' 

1 mM DTT . /■ ' ' : '"" ( .; ; 

i er 10 up human, ptecerrtal DNA . 
.3% (y/v) j-- methyl .2 ^pyrrolidinone \" 
fi5 i uiyi primer S$q,. id No: ip ^ 
. 1 uM primer Se<ij. ID No: 1.1 .. 
1 uM primer ^ SjQ.q. ID No: 1? . . 
1 [ii M primer Seq. ID No: 13 '■ ',* 




The scheme lo. Rgur^J 

: ^ bm rip^ ; ^ri^h^u^ second pair 6f upstream primers^^ ; ? ; 

vfc; ^.-v arid Bi) a ONA pol^erase possessing s^rai^ <fis^inent aWliV and. lacking exonude^e!: ^? 
n ^tiwty. ttT^uently, the sdieme may represent a gener^ ^ method of producing. double ^V^:; ; : 

stranded figments with defined 5* — ; and svfcenife^ of applications. AppMcatlons ; • 

;#v;;\ Hgate th^ ; resultant fragmer^it^e^ (The scheme in Bgure l : '^r 

. ; sequences in the SOA primes ;could be substituted by RNA polymerase promoter(s) (for e^mpje 
bacteriophage) for production of ti^crlp^ templates, arui the technique could be applied to synthesis of 
double r stranded cDNA using a 5 1 — 3 1 exohuclease deficient reverse transcriptase possessing strand 
displacement ability (would not require a reverse transcriptase with RNase H activity). An example of a 
2S reverse transcriptase is Menoy (T. W; Myers et al., Biochemistry 30:7661 (1991). 

; : T^O^ 

t ; : dures is hot limited to any p^'cular applicaupn. Applications for which target preparation and amplification 
of ^ ; invention ^ be 

mc^itoring gene expression), in yitro selection and amplifjc^idn of rare functional nucleic acid molecules, ; 

^ et al M H^HpP$ : A Qomp^iph to Methods in ^^molo gy 2:75-66 (1991), amplification of a 

longer s^uen^ as "nested H amplifica- 

tion), site directed mutagenesis, cloning, sequencing, geWic diagnosis.' oncogene diagnosis, amplification 
of regions of unsown sequeh^s^ and non - biological applfcatidis like tracing oil spills and security 
- - identifications (see general^ Ertidh et aK. ^ien(^:aS2:lS43 (1991): : " 

^ The foilpwing examples jllusirate the specrfic embodiments, of the invention described herein. As would 

the scope ^ of the inyenbon described. ... 
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: ; i^r--. < 

:^ ■'i.-.i^v.>;- ' 



3d^^^-5* : ^ ;: * 9^omlc DNA 




'^^^S^W^T'^-' 3 '™ 1 ^-'? 1 0800 ^l^lyMnmlh^ ^ Then 10 units of 
^ 5 SrS^^ d ^ Bi6chamica ') ^ *» <* Hinclllew England Biolabs) ^^dded to 




40 



gM^tb genome copies 


human DNA (tig) + 


: ' :?W?IP^i^P^ bafScte., (cpm j# 


\ h.,:^ : - sbo •. ■ 
i 1 so 


i v .-:.- ;■' 




. ■■ 

.S:V. ; ; '. 500 " 
50 " ; ' 


-i'V •. 
■ 10 '■' 

10 




5 : ■ 


10 
10 


8 9X10* : 

• 4.8X10 2 ®: 



- ., ■ ... — — «'»,^»ora in vie aiiquot analyzed by gel etect 

^ount of human pla^ntaJ DNA in the entire 100 UL SDA reaction 1 

i inSwm^ of target - 



; The^arn^tion procedure; clearly distinguishes between 5 ^ O gehome copies of the taroet M to 



40 



56 



SDA USlng a FoW restriction st^»tb^ prtor to 

SEQ ID NO: 1. and . 

SEQIDNO:2. • ■ ' : . ; - •' 

hN^^yi"^ (B0erhin9 ° r Mannheim - IndianapoBs, IN) :Was serially diluted with 0 OS ma/ml E coli 
: DNA, 50 niM rK acetate, TO mM Mg acetate, 1 mM DTT; i^^t^Si^L Sr> 9 ? ; 4 2 5 

t ?V^ the " preSenC8 * 12 ' 5 mM ^ acetate. 10 mM Mg ac&are/l mM DTT iISm ™^1X2■ 
•25•C 100 iig/ml BSA. 0.3 mM each of dATP dGTP ttp wptr/ «i /oi, .' !• ^ IRIS ( ? H * 
• WM of each onmflr <w ^ ^ I aA! J ' <^ TP ' TO<fCT£(aS) (Pharmacia, Piscataway. NJ) and 0.1 
"S™ , «S ; pn^: One -set of samples underwent strand displa&meht ^ ampRflcatjor. for ! 4 -hours at 4ST 

"TSO'C. 32* S *ere heated for 2 minutes at 95'C. S minutes 

• : ■ : -1f - ....... 



4* V^' 




:.;.r;5*:^ : , : \V 



This ^m^: .llus|rate$ SDA using a synthetic single stranded target DMA sequence. A synthetic 
le ^fi!$to^^^ the sequence of SEQ IDiNO: 4. Primers for sirarrf displacernent 

^ ^ (New ia^-mi^i^iii^^k^^ 

26 £^>* $r^: W^*'*^ -on CPG columns. The primer sequenced usedwerei 



■ : ■vbuffer ; \v'^|ff^^ .. ■ '.' ' / /s^;/ ". 

■ : ; ^^ : ' ;:, ^vl^^^^^^^ ; «iM^-the primers (he.. SEQ ID NOi 6 and SEQ 10 NO: 6) to provide " 
a final stock concentration of6CK)jO(» molecules of target^!. This mixture was boiled for 3 minutes and 
placed ^.\^S^:4U^,ak^^m$.tMi solution were then prepared in.lhe presence of the 

^ n ty^of|he o^lyted stock target solutions were added to a mixture to provide a Anal volume of 60 
ul and a final clwKentfation of the following components: 20 mM TRIS (pH 7.2) at 25 'C, 0.1 uM of the 
pnmer se^uence|):20 mM ammonium sulfate, 50 mM KCI, 50 Units Hincii. ; 5 Units exoTklenow polymerase 
OJS Biochemical 1 mM DTT, 5 mM MgCfe. and 300 itM each of 5VJCTP, 5'dGTP, S'dTTP and 5'dATP- 
40 S v: ^1°" wa ? all0Wdd te Proceed at 37* C for i or 2 hours;: ln;orttf reactJor, set, an \ 
i m awed after i hour and the reaction *as allowedl^ preceed for an- " 



ffk^^'^ - ^. whereupon 1 ul of t : Unltfci;of.^©na^':2# ; • • 

: ; m, ^.:^|p;^ s ^^. w « ^ an equal volume of. loading xlyes in ^urea^^Sam^ies were^. . ' ; 
\pj^W^m^^Ml0^^ a.10% rxJlyacryiami^;gei;^iniri Samp^ 
so toaded^n^ 60 m r *acti 0n jjhSd^-^aro&J^liy^ ■«iwif*ei^- ! --'- 

■ vprowed^to;^ gel was .removed and' placed:^! filrW- overnight at ^ 

-70 C. eandsiwera rendered Wsible after exposure. were excised and quantified by liquid scintillation ' 
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# Target \ 


1 Hour (cprri) : 




, Hour yyftii i Additional Hincil (cprh)?: 


P 1 






.■■ o 


; 2000 


ND ; . • 




' , V 6 ■ ■ : - 


8000 : : 

3io.6o6. ••; 






fti'v-: • ' 36 
pM-,-:./ ; ^29:: . . . 


:;S6d.O06fe 


Mil 







20 



in the pfasmw'pS^^ ^--^^ other a^nptes and were used to detect a taroe, sequence — 
dCTP iph^v h t ? if"* j^-fPft?'* ^ ^ °) 10 °: ug/ml BSA; 0.1 mM each of^dGTP TtP 

SteSSf^W^ sample? w^re indicated by extension to SOrtucteoSi 



25 



30 



45 



so 
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# PBR322 Molecules • 






•"* 10 s :i 









- X I**"""** toetaataoMWIASO,. a relatively Jov* 'and a dMPfrStalCiTP 
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Slfl^tfr^^ 
.iSm^^ : Jersey 



^P^U^^^EAPABLE. FORM: = • ■ - 
J : (A) MEDIUM TOTE: Flippy disk ^ ' 

(C) OPERATING SYSTEM: PC-DOS/MS^boS 
^SOFTWARE: Patentln Re^|?^, Version #1.25 



( v*) : : CURRENT APPLICATION DATA' 
. • ; ( B) FILING DATE : ' 



■'99 



( vi ii) ATTORNEY/AGENT INFORMATION • ' ' •'""^ ' 
{51 S!f ;3 ierwalt ' Brian K : ^ ; " 
( ,G) .REPERENCE/DOCKET NUMBER : 7p~%3 04 



Tt^ ( *^^|fCOMKONJCATlON INFORMATION: 
. ; *A); T|^HONE: 201-847-531™ 

-:(8)v.TELEFAX': 201-847-9228 



INFORMATION: V y^J, ' ■ 

Little, 'liliElsMBB^ V ' /S-zlmM I 



^ ; < 2 ) INFC^ SEQ ID NO: X : * 'D- 

Ig^eic acid " ' ■ ' ^^ip/. 

: itngle •". / 



:|f §§ ^ ■ V ?' ^%'^STRANiEi 



: jSf ' ; ^^>:^^GE ©E^OTtPTiON: SEQ rp^Noill; 
; TCATTTCT||; ^ACC^ AAAAATCACT CAGG/3TCAX 
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• .if:', ■ . . 
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75 



.20 



2S 
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ifji-ii'?:?'.'^^^.:. 



SBQ ID MO: 3: 

CCACC(JCTTC . OTrMTACA 

< 2 > INFOHMATION FOR SBQ ID MO ; 4 : 

( i ) SEIQptrcB CHARACTERISTICS : 

(^liENGTH: 60 base pairs '•;>'■•:. 
•• nucleic acid ' 

; : <C)? SXI^QMIESiS V isingle ' v\ 

" ' • ^E^E^li^. -l^GRICTIOiT: SBQ ID H0:4: 
ACCCTGT60A ACACCTACAT CT<3TA^tAAC GAAGCGCTGG CATTSACCCT <^TQATt4: 



(1) SBBOEtTGE CHARACTERlSTicS : 
: yC). ^STBAMDEDNEas : single 



; <Xi) SEQUENCE DESCRIPtlON: SEQ ID NO; 5: 



'■ ^ 'V :- '^^: '-. 



SO 



$6 
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(XI) SE^ 
ACATCTGTAT TAACSAAGCG 
(2) INFORMATION FOR SEQ IIi H0:8: 

■. <xt) jffiQ&raE^ M^2li||^: v SEQ ID N0:8: 
TTGAAGTAAj: O&CTATTGT TGACTACCCT GTGGAACACC 

(2;)' INFORMATION . FOR 6£Q li; NO : 9 : " 



^tiiJiNGTH** .pa i r s 

(8) :TXPBs nucleic acid 
(Cj; S13U\liDroKES]5: single 



41 



< Xl ) SEQUENCE; DES<»ieM$ttI : SEQ i H)^ : 9 • 



CAO 




;; ;; 



: T ' : ' f '- 
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f^GKAGITMiC, CGACTATTGT;^ 
<i> : INF0R^TI0N FOR SEQ ID NOI12: 



SEQUENCE CHARACTERISTICS: 

<B) type;: nucleic acid^ 
( C) STRASDEPNESS : V single 



4d 



(Xi) SEQUEN^ 
^GAATAdTC ; GOTTACTTGT MACCCGCCA ACAAGAA 



( 2 ) INF0FI1ATI0N FOR SEQ ID NOi ST 



~ <li ) SEOTElTCE 

i (A) LENGTH: 37 base pairs 
(B) TYPE: nucleic acid 
<C) STBANDEDNESS : single; 



37 



37 



45 



7 ; (xi ) sequence DEsc^imbNi s#^i© ko : 13 

OTGAAGTAAd .CGACTATTGT TC ^ 



37 



ti'i.- 
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'^ii^Sli^^Slte ID KO : 14 : 



75 



25 



l^te|^fe|c acid - . 



/,i-i^|^|pwqaaiA;.i:i base pairs 
■ : }.%;'|^p|i|TR^H>NE§s;: :; single 



'■U^^ NO: 16: 

< 2 ) INFbll^TiGN .FOR SEQ ID NO : 1,7 : 




^tt»m^l2' ; base pairs 
(;t ^3i^E;:vfhwl^ie : ';ieid ' 
( C) STMMDEDNEss : single 



11 



<5; 



^ xi) ^fi^^E PES<iRIPTION: SEQ ID N0M7: 



■12 v 





is 



20 



25 



P3§§0202.£ 

a filf 
tea 





^J^SX»-NO:.i8:V;c^ „ 



30 



(2),:il^K^ioN FOR SEQ ID NO: 20: " 

:'• '-^^^ V^-^■^^f^^1^l^*aMW!?aSfS : single 



SEQ'-ip- NO': 




is 



4$ 



- ^ SEQ ID NO: 20 ; 

.<2X:vINE^RI^ SEQ ID -NO: 21: 

iSj^SpSeE CHARAC^RISTIGS : 

; XB);;;TYPE: nucleic acid 
: STRANDEbNEiss ; single 

. , . ■ - : '■■ \. ■ - : " 

0 "^^P?^ ^ESCRIJPTXOR: SEQ ID NO : 21; 
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Claims 
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to figure 2 
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I 



polymerize and 
displace strand 







lace strand ■ ^ " •-• 
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